The paper presents the determination of the basic material properties of a historic brickwork. Experimental studies were used to identify the basic material properties of bricks. The mechanical properties of the masonry, as an orthotropic homogenized material, were calculated. Then, numerical simulations using the Finite Element Method (FEM) were performed to verify the experimental outcomes. Macromodels with element sizes of 40, 20, 10 and 5 mm, and a micromodel with an element size of 5 mm were applied. The results were compared with experimental data and results available in literature.
INTRODUCTION
The aim of studies presented in the work is determining the basic material properties of the brick masonry walls of a Gothic church located in Gnojewo near Malbork (Fig. 1) . These parameters are used to assess the technical condition of the building, and especially the masonry part of the construction. The analyzed building is a currently closed down evangelical church, built in 1323 in half timbered structure, was rebuilt numerous times over the years until the XIX century. 
STRENGTH PARAMETERS OF WALL COMPONENTS
The structure under study was constructed of bricks measuring 8x15x30 cm. In order to determine the modulus of elasticity and compressive strength of the material, uniaxial compression tests were done in accordance with the PN EN 772-1 norm. Due to the bad technical condition of the bricks, 50 mm cubic samples were cut out from them using abrasive waterjet cutting. Strength tests were carried using a Zwick/Roell Z 400 strength testing device. Based on tests carried out on 6 samples ( Fig. 2 and 3) , the average value of the modulus of elasticity was determined for the bricks, E b = 2.104 GPa. This result falls into the range obtained in work [5] , in which values for the modulus of elasticity of bricks of a campanile from the turn of the XVI and XVII centuries fell in the range of E b = 2.050 -5.300 GPa. These values differ significantly from the modulus of elasticity of modern-day bricks determined by Page [6] to be at the level of E b = 7.55 GPa or in work [7] 
where: f b -normalized compressive strength of bricks, δ -normative coefficient, f B -compressive strength of bricks obtained in the tests. Taking samples of the mortar from the original construction without damaging it proved impossible. Thus mortar strength parameters provided in works [8] and [3] were taken into the analysis, i.e.: modulus of elasticity E m = 0.96 GPa, strength f m = 0.8 MPa. An analysis of the influence of the material parameters of mortar on the parameters of homogenized masonry wall was carried out.
However, considering the mortar stiffness range provided in literature (e.g., Augenti [1] ), no considerable influence was observed. This can also result from the not significant variability of mortar properties and quite large size of gothic bricks.
HOMOGENIZATION
Calculations of the modulus of elasticity of church walls as a homogenous material were carried out accordingly to the algorithm of homogenization proposed in work [2] . In this method, an elementary cell is analyzed, where based on strain compatibility and stress balance equations of its components, the basic material properties of the entire element can be calculated. The basic assumptions of this method are:
• The width and height of a elementary cell is greater than its thickness, which makes it possible to assume a plane stress state in the wall, • A regular layout of bricks and joints in the wall, • Small stress gradient in the construction, lack of stress concentrations.
Horizontal stress balance equations σ x can be presented in the following form (2): The agreement of strains ε x in the horizontal direction can be represented by formula (3):
where: ε ij -strains in the i-th direction of the j-th component, L j -width of j-th component.
A precise description of the method can be found in work [2] as well as in the works of other authors, e.g. [8] .
The moduli of elasticity of the brick wall in two directions perpendicular to each other calculated accordingly to this algorithm are E x = 2.374 GPa and Strength parameters calculated in such a way were applied to calculations of the homogenized walls of the church in Gnojewo, which will be the subject of further research undertaken by the team.
VERIFCATION OF HOMOGENIZATION
The accuracy of used homogenization logarithms was verified performing numerical simulations of the static behavior of micro-and macromodels of the bent masonry deep beam (Fig. 5) given by Page and described in [6] . This deep beam was loaded midspan using a steel beam, applying a force of 20, 40, 60, 80 and 100 kN; the present work shows the results of loading with a force of 20 kN.
The experimental data presented in [6] were repeatedly applied to verify the procedure of homogenization, among others by Quinteros et al. [8] . In the study we followed the same procedure. The models were created using the Abaqus 6.10 FEM software. The studies of Page described in work [6] were preceded by detailed tests of the material. Values of strength parameters of brick and mortar as well as their dimensions were applied in our FEM model behavior simulations. The parameters of the homogenized material of the masonry deep beam were obtained using the homogenization method presented in Chapter 3. A so-called micromodel was created, in which bricks and mortar were modeled individually. A mesh of finite elements based on solid hexagonal elements with a linear shape function marked as C3D8R was used; the finite element size was applied as equal to the thickness of the mortar, i.e. 5 mm. A series of macromodels was carried out, in which homogenized wall parameters were used. In these models, a mesh of solid hexagonal finite elements with a linear shape function marked as C3D8R was also built. Calculations were carried out assuming the following finite element size: 40 mm, 20 mm, 10 mm and 5 mm. Convergence of the solutions was assessed comparing the displacements of the central point on the lower surface of the panel.
Graphs of primary stresses along the line running through the middle of the panel have been shown in (Fig. 7) . The graph allows one to compare the values of stresses obtained by other researchers and in experimental studies [6] with results of the present work (macromodel). It also presents the results of stresses obtained in the analysis of the micromodel and macromodel with the same mesh density. In the micromodel, jumps in stress are noticeable in the layers of mortar. An analysis of the outlined model applying the extended finite element method (XFEM) which makes the analysis of cracks possible without the necessity of applying remeshing methods, was also carried out.
CONCLUSIONS
The strength parameters of bricks from the original structure fall into the range obtained in other works concerning historical bricks (e.g. [5] ), although they differ significantly from the parameters of modern-day bricks.
The analysis of FEM numerical models using homogenized wall parameters indicates a strong similarity of these results to the results of other researchers. On the basis of graphs (Fig. 7) , it can be stated that the method of homogenization was applied properly, and gave results which coincide with the micromodel (Fig. 7b ) and experimental outcomes, as well as the results of numerical simulations carried out by other researchers (Fig. 7a) . Thus it allows one to use the obtained results in modeling the brick walls of the church in Gnojewo while applying homogenized parameters, which is to be the aim of the research team's further studies.
